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ABSTRACT – The tangential fretting wear behavior of 

alloy 690 tubes against 405 stainless steel plates was 

studied with tube-on-plate contact in steam and water at 

285 oC. The results show that wear volume in steam is 

higher than that in water and that fretting wear promotes 

the oxidation of contact area. The wear mechanisms are 

complex with abrasive wear and delamination in steam 

and water at 285 oC. In addition, the abrasive wear in 

steam is severer than that in water.  

 

1. INTRODUCTION 

Steam generator is one of the most important 

components in pressurized water reactor. Alloy 690 is 

widely used as tubing material for steam generator in 

nuclear power plants [1,2]. Due to flow-induced 

vibration, the tubes of steam generator are expected to 

vibrate with small amplitude oscillatory motion against 

their supporters, which results in the occurrence of 

fretting wear at the contacting surface between steam 

generator tube and anti-vibration structure [3-6]. There 

are water, steam and mixture of them in the secondary 

side of steam generator. Therefore, it is of great necessity 

to study the fretting wear behaviour of alloy 690 tube in 

service condition. 

 

2. METHODOLOGY 

The materials used in this study are alloy 690 and 

405 stainless steel. The chemical composition of alloy 

690 is 0.023% C, 0.002% S, 0.3% Si, 0.008% P, 0.23 % 

Mn, 0.25 % Al, 9.6% Fe, 30.3% Cr and Ni balance (wt.%). 

The alloy 690 tube specimen is external diameter = 17.5 

mm, inner diameter = 15.5 mm, length = 16 mm. And the 

composition of 405 stainless steel is 0.50% Ni, 12.5% Cr, 

0.15% Al, 0.056% C, 0.60% Si, 0.58% Mn, 0.013% S, 

0.025% and Fe balance. The 405 SS plate specimen is 7.6 

12.2  3 mm3. The experiments were carried out on a 

fretting wear testing equipment with a tube-on-plate 

contact configuration, as shown in Figure 1. The normal 

load was controlled by the springs and the displacement 

was measured by displacement sensor. The testing 

parameters used in the present research are listed in Table 

1. Before and after testing, all specimens were 

ultrasonically cleaned in ethyl alcohol and dried with hot 

compressed air. The morphology of the wear scars was 

examined with 3D optical microscope (Bruker Contour 

GT-I) and scanning electron microscopy (SEM). 

  

 
Figure 1 Schematic diagram of fretting wear tester:  

1-tube specimen; 2-plate specimen; 3-springs; 4-holder 

of the Alloy 690 tube specimen; 5-spring plate;6-

displacement sensor; 7-holder of plate specimen; 8-

servo motor; 9-autoclave. 

 

Table 1 Experimental parameters for fretting wear test. 

Parameter  Value (unit) 

Temperature 285 oC  

pH 9.75 (with ammonia) 

DO 5 ppb 

Frequency 5 Hz 

Cycles  500000 

Displacement 100 μm 

Normal force 40 N 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the wear volume of alloy 690 in 285 
oC steam and water. It is found that the wear volume in 

steam is higher than that in water, at the same time, the 

wear depth in steam is bigger than that in water. 

The morphology of the wear scars on alloy 690 is 

examined. As shown in Figure 3, the worn surface is 

covered with grooves, which are the tracks of abrasive 

wear, and the grooves are paralleled to the direction of 

fretting, indicating that abrasive wear happened. There 

are obvious concaves observed on the wear surface, 

indicating the delamination. Obviously, the abrasive wear 

in steam is severer than that in water. 
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Figure 2 The wear volume and wear depth of alloy 690 

in 285 oC steam and water. 

 

 
Figure 3 SEM images of worn scars of alloy 690 in (a) 

285 oC steam and (b) 285 oC water. 

 

The chemical composition of worn surface on the 

alloy 690 is shown in Figure 4. EDS line scan results 

show that wear scar corresponds to high O and Fe. And 

unworn surface corresponds to high Cr and Ni. High O in 

worn surfaces indicates that fretting wear promoted the 

oxidation of the contacting surfaces. High Fe detected at 

some parts indicates that material was transferred from 

405 stainless steel into alloy 690. 

 

  
Figure 4 EDS line scan of alloy 690 tube in (a) 285 oC 

steam and (b) 285 oC water. 

 

According to the above results, fretting wear of 

alloy 690 in steam and water is different. Compared to 

steam, water is good for lubrication. Additionally, the 

wear debris are easily removed in water, so the abrasive 

wear in steam is severer than that in water, as shown in 

Figure 3. Therefore, the wear volume in steam is higher 

than that in water. 

 

4. CONCLUSION  

The tangential fretting wear behaviour of alloy 690 

tube against 405 SS plate in high temperature steam was 

investigated. It can be got that the wear volume in steam 

is higher than that in water, because of the lubrication of 

water and wear debris removed by water. The fretting 

wear promotes the oxidation of contact area in 285 oC 

steam. The wear mechanisms are complex with abrasive 

wear and delamination in 285 oC steam.  
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